A comparison of DC voltage standards between the Korea Research Institute of Standards and Science (KRISS) and the Vietnam Metrology Institute (VMI) has been carried from 2 July to 17 August of 2012. The comparison was made at the 1.018 V and the 10 V level by measuring two Zener references which were hand-carried for a quick transfer between the two laboratories. The difference between the measurements was -0.9 V with an uncertainty of 1.5 V at 95 % level of confidence for the 10 V level, 0.0 V with an uncertainty of 0.2 V at 95 % level of confidence for the 1.018 V level.
PARTICIPANTS AND ORGANIZATION OF THE COMPARISON

Participants
VIETNAM METROLOGY INSTITUTE VMI -VIETNAM
The two Zener voltage standards were provided by KRISS and VMI, respectively, and carefully hand-carried by a VMI researcher to minimize transportation time and the effect of environmental condition changes during transportation. The temperature and pressure coefficients were characterized using KRISS JVS during the period from 21 May to 27 June of 2012 prior to the first comparison measurement. The result is shown in Table 2 . The temperature effect is expressed in terms of the resistance of internal oven thermistors ( R ). The measurement results for the temperature and pressure coefficient characterization are shown in Figs. 1 and 2.
Quantities to be measured and conditions of measurement
DC voltage outputs 1.018 V and 10 V for the two standards were measured. The results will be linked to BIPM.EM-K11.a and BIPM.EM -K11.b, respectively. Due to the limited number of available TZS's, a careful and quick transport by hand-carrying was attempted successfully. The ambient temperature, humidity and pressure must be measured. Corrections must be made for temperature and pressure effect. The effect of humidity to the Zener standards is known to have very slow time response [1] . In consideration of the quick time schedule of the comparison, the humidity effect can be treated as a time drift effect when the reference value is calculated by interpolation between two reference measurements as in the case of an earlier EUROMET KC [2] .
Measurement instructions Precautions
-Do not short the outputs.
-Make sure not to disconnect the standard from the AC line power for too long.
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APMP.EM.BIPM-K11. 4 5 -Avoid extreme temperature, humidity or pressure changes as well as violent impacts.
Stabilization of the standards
After arrival in the participant's laboratory, the standards should be allowed to stabilize in a temperature and humidity controlled room for at least two days before the measurements can begin.
Powering of the standard during the measurements
When not carrying out measurements, the standards must be connected continuously to the AC line power. Measurement can be carried out after full charge, i.e., after charge indicator turns off. Measurements should be carried out with the standard disconnected from the AC line power. To allow the standard to stabilize, measurements should not begin any sooner than 2 hours after disconnecting the standard from the AC line power. Connect the AC line after finishing the measurements to recharge the standards. In addition to the battery-operated measurements, measurements can be made (and submitted to the pilot laboratory) with the standards connected to the AC line power. Notice that connection to the AC line power during measurement will probably have consequences for the connection of guard and/or ground.
Guarding
It is assumed that you carry out the voltage measurements with the Fluke 732B's disconnected from the AC line power. Both standards are kept floating. To reduce external noise, the GUARD of the Fluke 732B should be connected to ground potential of the measurement system andCHASSIS GROUND of the Fluke 732B should be disconnected.
Measuring the internal thermistor resistance
The internal thermistor resistance must be reported so that a temperature correction can be made. The thermistor resistances of the standards have nominal values between 38 k and 40 k (see Table 1 ). To avoid heating of the thermistor, the test current should not exceed 10 µA. This implies that most DMMs can not be used in their 100 k range or auto-range setting.
Environmental conditions
The ambient temperature, humidity and pressure must be measured. Corrections must be made for temperature and pressure effects (see next section). It is recommended that the measurement conditions in both laboratories are similar and in this case preferably 23 o C and 45 % (R.H.), the conditions at KRISS.
Deviations from the protocol
A blind test method was unintentionally adopted for comparison, where the Josephson calibration result was hidden by using incorrect Josephson step number, and disclosed by recalculation with the correct step number after all measurements were completed. Finally, it helped to reinforce the transparency and reliability of the comparison even though the KRISS measurement was done in the presence of VMI staff at KRISS.
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METHODS OF MEASUREMENTS VMI NATIONAL VOLTAGE STANDARD
The NATIONAL VOLTAGE STANDARD of VMI is a group of 3 Zener reference modules (Model 7000). This incorporate a 7000N Nanoscan Module that provides one 10 V Average Output, one 1 V Divided Output and one 4-wire buffered 10 V Output, together with a measurement scan controller, a null detector, and a fiber-optic based RS232 interface to a PC. Each 7000 Zener reference module provides a 1.018 V Output also. VMI NATIONAL VOLTAGE STANDARD has been made traceable to the SI through yearly calibration (KRISS) using a Zener voltage standard (Fluke 732B). For 10 V measurement, internal detector with a manufacturer's software was used which is available only for 10 V calibration. For 1.018 V measurement, Nanovolt meter Agilent 34420A was used as a detector to find the potential difference between VMI's national standards and travelling standard. Both measurement circuits were partly shielded but not grounded. Only chassis' of both detectors were automatically grounded via power line cables. Isolation between any instrument terminals and ground is estimated to be higher than 20 G according to the manufacturer's specifications.
KRISS JVS
The JVS of KRISS has following features.
 Type of array: 10 V SIS, manufactured by IPHT(s/n 1469-2);  Detector: Keithley 2182, used on the 10 mV range (without any filter);  Bias source: Homemade source based on a PTB design;  Oscilloscope: A Tektronix 7603 oscilloscope is used to visualise the steps and to adjust the RF power level at the beginning of a series of measurements;  Software: Homemade under Visual Basic environment;  Frequency source stabilizer: Counter EIP 578B with locking of the frequency to the external 10 MHz reference and a stability better than ±1 Hz during the period of the comparison. The KRISS array is irradiated at a frequency around 75 GHz;  The 10 MHz reference signal for the counter is provided by a synthetiser HP3325A which is itself referred to the 10 MHz signal coming from the reference clock.  Thermal EMF (including array connections): approximately 500 nV-600 nV, varies with liquid He level in reservoir;  Total impedance of the two array measurement leads: 40  or 80 ; this resistance includes the series resistance of a filter inserted in the two measurement leads (possible choice between two different filters).  Leakage resistance of measurement leads: 1× 10 12 .
REPEATED MEASUREMENTS OF THE PILOT INSTITUTE, BEHAVIOUR OF THE TRAVELLING STANDARDS
Prior to the comparison, the behavior of the traveling standards has been investigated, especially the temperature coefficients and the pressure coefficients at KRISS. Fig. 1 shows the measurements for the temperature coefficients evaluation. Fig. 2 shows the measurements 
where i V was defined as average of voltages measured at temperature R i , and R's represent thermistor resistances corresponding to the temperature settings.
Then the uncertainty of the temperature coefficient is given by;
where we assumed that the influences of uncertainties of the voltage measurements are negligibly small compared to those of the uncertainties of resistance measurements.
All V i 's are independent to each other, thus the Welch-Satterwaite equation [3] says that the corresponding degree of freedom is; 
where we assumed that all V i 's have the same variation characteristics.
The relative magnitudes of temperature correction values were smaller than 6x10 -8 , so were the uncertainty contributions from the temperature coefficients with respect to overall uncertainty levels of this comparison. For pressure coefficients, we used a linear regression analysis in the commonly available software to obtain the values given in the 
Where R denotes the thermistor resistance and P denotes the atmospheric pressure. The time drift behavior of the traveling standards is shown in Fig. 3 , where measurement results by KRISS are plotted. The last points of 10 V TZS-K and 1.018 V TZS-K in Fig. 3 which are a follow-up measurement after finishing all comparison measurements are found to be a little deviated from the previous trend. This means that unknown transportation effect, presumably from a big humidity change happened during the TZS's traveling. But the comparison period was so short with respect to the time constant of the humidity effect that we could assume that an approximately linear drift model is applicable for this comparison.
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Fig . 3 . Time drift behavoir of the traveling standards measured at KRISS.
MEASUREMENTS RESULTS
The comparison measurement results are shown in Table 3 and are plotted in Fig. 4 , where the temperature and pressure effect already corrected with using the coefficients given in Table 2 . The summary of measurement results are listed in Table 4 . Table 4 . Measured values and differences between VMI and KRISS. The KRISS measurements were made both before and after the VMI measurement. The two measurement data sets were used to calculate an expected value at the time of VMI measurement. The KRISS measurement value of Table 4 is the expected value at the average time of VMI measurement which was calculated by a linear regression fit from the two sets of KRISS measurements. The uncertainty budget of VMI measurement is given in Table 6 , and the uncertainty budget of KRISS measurement is given in Table 7 . The uncertainty of thermals is estimated from thermal effects of reverse switch and circuits. The uncertainty from digital nanovoltmeter is from a nonlinearity effect of the meter gain at the measurement points within a usual range of -1 mV~1 mV, as a result, the convolution of the gain nonlinearity distribution and the measurement point distribution becomes a Gaussian-like distribution, where the gain nonlinearity was estimated by statistical regression (type A) in our case, and the measurement points was assumed as a rectangular distribution (type B). The uncertainty due to the temperature correction has two components; the term by coefficient, u(α R ) (<R> -R 0 ), and the term by thermistor resistance, α R u(R).
Both terms were estimated by a standard deviation of typical measurement data. Similarly, the uncertainty due to pressure can be estimated, we found that the uncertainty by pressure measurement is negligibly small so only the coefficient term can be included in the budget table. The uncertainty of KRISS measurement value at column u(V KRISS ) of Table 3 is given by RSS (root sum square) of standard uncertainty of the linear regression, u reg and type B standard uncertainty of KRISS measurement, u B .
where t is the average time of VMI measurement, t is the mean of all j-th measurement time, Table 4 ) were used as the weighting factors. The final result is described in Table 5 . 
SUMMARY AND CONCLUSIONS
Summary
The degree of equivalence between VMI and KRISS is summarized as follows, 10 V:
Link to the BIPM KC
Pilot lab KRISS has following DOE (Degree of Equivalence) with respect to the BIPM KC (BIPM.EM-K11.a & b) reference value. [4] 10 V:
The DOE of VMI with respect to the BIPM KCRV is given by the following equation
The uncertainty is given by
Therefore the d VMI value and the expanded uncertainty (k = 2) are as follows: 
TRAVELING STANDARDS
General requirements
The traveling standard should have good stability of its output voltages during transportation. To reduce the consequences of any unexpected behavior of the traveling standards, [1] two Zener standards (Fluke 732B) are used; one provided from KRISS, the other provided from VMI. Although the environmental conditions between the two labs are similar, appropriate uncertainty evaluation for temperature, humidity and pressure effect is necessary. This makes it necessary for us to prepare a set of traveling standards with data on their environmental coefficients.
Temperature correction
Temperature coefficients of the traveling Zener standards has been characterized at KRISS and shown in Table 1 .
Pressure correction
Considering the atmospheric pressure conditions are almost same between the two labs and to save time from protocol approval and to carrying out measurements, the pressure coefficient will be evaluated right after all comparison measurements are finished at KRISS. Then the blank in the last column in the Table 1 will be filled out and included in the final report.
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Humidity correction
Humidity effect of the Zener standards is known to have very slow time response [2] . In view of time schedule of comparison, the humidity effect will be treated as a drift effect when reference value is calculated by interpolation between two reference measurements as in the earlier EUROMET KC [3] .
Description of standards
The traveling standards, two Fluke 732B electronic DC reference standards, have identification as follows:
The Fluke 732 B electronic DC reference standard has two output voltages, nominally 1.018 V and 10 V, respectively. The traveling standard should be handled carefully and be stored in a stabilized environment where relative humidity is between 40 % and 55 % R.H.
Characteristics of the standard standards
In Table 1 an overview is given of the temperature and pressure coefficients of the output voltages U measured of the traveling standards as determined by KRISS. The temperature effect is expressed in terms of the environmental temperature ( T ) and in terms of the oven thermistor resistance ( R ). The coefficient  R will be used to make corrections for temperature effects (see measurement procedure). 
Time schedule
The comparison will be organized as Table 2 . 
Transportation
Travelling standard should be hand-carried carefully during the transportations between 2 laboratories to avoid internal battery discharge during a prolonged customs clearance time and to avoid abrupt change of environmental condition (temperature, humidity, pressure).
It is because the traveling standard has not been fully evaluated of its temperature, humidity and pressure coefficient.
Two or three weeks will be allowed for each participant to keep the standards in his (her)
laboratory. This period includes recharging of the operation batteries, stabilization to the laboratory environment, the measurements and reporting the result to the pilot lab.
Because the standards should always be in the "IN CAL" state, during transit as well as measurement, quick and safe transport is essential.
Unpacking, handling, packing
The traveling standards should be handled carefully. Extreme temperature, humidity or pressure changes as well as violent mechanical shocks must be always avoided.
Powering of the standard
As soon as the standards arrive at the laboratory, each Fluke 732B must be supplied from the AC power line so that the internal batteries are fully charged with the self-contained automatic charger. Be sure to check each AC line voltage selector at the rear of the Fluke 732B before connecting the AC power cable. Be careful not to supply higher than rated voltage to the Fluke 732B! The full recharge will take about half of the transport time.
After measurements on each working day, the standards must continuously receive In any case that the indicator is found to be "off", the laboratory should report immediately to the pilot laboratory, which will give specific instructions.
Front panel indicators  AC PWR
The AC PWR indicator lights whenever the standard is connected to AC line power  Make sure not to disconnect the standard from the AC line power for too long.
 Avoid extreme temperature, humidity or pressure changes as well as violent impacts.
Stabilization of the standards
Powering of the standard during the measurements
When not carrying out measurements, the standards must be connected continuously to the AC line power. Measurement can be carried out after full charge, i.e., after charge indicator turns off. Measurements should be carried out with the standard disconnected from the AC line power. To allow the standard to stabilize, measurements should not begin any sooner than 2 hours after disconnecting the standard from the AC line power.
Connect the AC line after finishing the measurements to recharge the standards. (See "
LOW BAT' in Clause 3.5)
In addition to the battery-operated measurements, measurements can be made (and submitted to the pilot laboratory) with the standards connected to the AC line power. Notice that connection to the AC line power during measurement will probably have consequences for the connection of guard and/or ground.
Measurement Performance Guarding
Assuming that you carry out the voltage measurements with the Fluke 732B's disconnected from the AC line power. The standards are kept floating. To reduce external noise, the GUARD of the Fluke 732B should be connected to ground potential of the measurement system, CHASIS GROUND of the Fluke 732B should be kept in no
connection.
Measuring the internal thermistor resistance
The internal thermistor resistance must be reported so that temperature correction can be made. The thermistor resistances of the standards have nominal values between 38 k and 40 k (see Table 1 ). To avoid heating of the thermistor, the test current should not exceed 10 µ A. This implies that most DMMs can not be used in their 100 k range or auto-range setting.
Environmental conditions
The ambient temperature, humidity and pressure must be measured. Corrections must be made for temperature and pressure effects (see next section). Recommended measurement conditions are 23 °C and 45 %RH.
Method of measurement
Making corrections for temperature and pressure effects
The measured voltages U measured should be corrected for temperature and pressure effects.
The temperature effect is taken into account through the thermistor resistance R. The following formula should be used to calculate the corrected voltages U corrected :
where  R and  p are the temperature and pressure coefficients as given in Table 1 , p is the ambient air pressure, p 0 = 1010.00 hPa is the reference air pressure, and R 0 = 38.650 k is the reference thermistor resistance.
Obviously, the uncertainties of both the thermistor resistance measurement and the air pressure measurement contribute to the total uncertainty of measurement.
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UNCERTAINTY OF MEASUREMENT
Main uncertainty components, including sources and typical values
The This is not a complete list and should be extended with uncertainty contributions that are specific for the participant's measurement system.
Scheme to report the uncertainty budget
See Appendix A and Chapter 6
MEASUREMENT REPORT
VMI's report must be sent to both the pilot laboratory and the TCEM chair within two days from the completion of measurements and before transporting to the next lab (KRISS).
Software
Reports should be submitted electronically, using the following software: 
REPORT OF THE COMPARISON
The draft version of the final report will be issued within one month after completion of the comparison. The draft report will be sent to the VMI and will be discussed. The whole procedure will be based on the CCEM Guidelines document WGLF/2007-12. 
